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ABSTRACT

The development of a comprehensive mesoscale atmospheric simulation system (MASS) is described in
detail. The modeling system is designed for both research and real-time forecast applications. The 14-level
numerical model, which has a 48 km grid mesh, can be run over most of North America and the adjacent
oceanic regions. The model employs sixth-order accurate numerics, generalized similarity theory boundary-
layer physics, a sophisticated cumulus parameterization scheme, and state of the art analysis and initialization
techniques. Examples of model output on the synoptic and subsynoptic scales are presented for the AVE-
SESAME 1 field experiment on 10-11 April 1979. The model output is subjectively compared to the ob-
servational analysis and the LFM II output on the synoptic scale. Subsynoptic model output is compared

to analyses generated from the AVE-SESAME I data set.

1. Introduction

During the last decade, large scale numerical
weather prediction models have generated impressive
performance records for the prediction of the at-
mosphere’s synoptic structure one to two days in ad-
vance. These models (e.g., LFM II, Gerrity, 1976)
are now the basis for most operational weather pre-
dictions.

However, there are classes of weather phenomena
for which these models provide only minimal guid-
ance. These phenomena include the organization of
the severe convective environment, the prediction of
mesoscale precipitation areas and the delineation of
regions of large wind shear and significant turbulence.

During the past decade, several technological and
scientific advances have made it feasible to attempt
the development of a more comprehensive and so-
phisticated numerical atmospheric simulation sys-
tem, which may improve the quality of guidance for
these smaller scale atmospheric phenomena. These
advances include

1) the development of parallel processors, such as
the CRAY-I and the CDC-CYBER 203, which can
compute at rates up to 100 million operations per
second, an order of magnitude faster than previous
scientific processors such as the CDC 7600 and
IBM 370,

2) the increased understanding of planetary
boundary-layer physics and the techniques for pa-
rameterizing this physics in numerical models (Drie-
donks and Tennekes, 1981);

3) the expanded understanding of convective scale
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circulations and their effect on the environment in
which they are embedded (Fritsch, ef al., 1976); and

4) the development of improved initialization
techniques (e.g., Williamson and Temperton, 1981)
and the possible increase in atmospheric resolution
offered by satellite derived soundings and wind
vectors.

Some of these advantages have been incorporated
into experimental subsynoptic numerical models de-
veloped by Anthes and Warner (1978) and Kreitzberg
and Perkey (1976). The Systems and Applied Sci-
ences Corporation, under support from the NASA/
Goddard Laboratory for Atmospheric Sciences, is in
the process of developing a Mesoscale Atmospheric
Simulation System (MASS) which incorporates as
many of the advantages derivable from these scien-
tific and technological advancements as possible. In
addition, MASS is designed to run in a real time en-
vironment, although at present it is under develop-
ment in an experimental mode.!

Planned applications of this system include: 1) the
dynamical study of subsynoptic and mesoscale adi-
abatic and diabatic circulations; 2) the development
of mode] based severe local storm prediction tech-
niques; and 3) the investigation of specialized at-
mospheric problems such as air pollutant transport
and aviation weather hazards.

This paper is intended to demonstrate the simu-
lation system’s abilities in diagnosing the dynamics
of the organization of the severe local storm envi-

' Mass 2.0 requires 30 min of CYBER 203 CPU time for a 24
h simulation. This includes analysis and initialization time.






